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3.2 g ODA, 1 .11 g TOPO (previously degassed) and 5.2 g of Se-precursor were placed in a 100 mL three-neck flask. The content of the flask was heated to 300°C under nitrogen. At 300°C, 4.9 g Cd-precursor was rapidly injected. The temperature was decreased to 280°C and the solution was kept at this temperature for 7 minutes while stirring. Then, the reaction was rapidly cooled down to room temperature by flowing compressed air on the outside of the flask, after which 10 mL of toluene was added into the flask. The color of the solution went from yellow to orange and then to red within one minute. The solution was then washed by addition of a mixture of MeOH and BuOH (1:3) and centrifuged at 2500 rpm for 10 minutes. After centrifugation the supernatant was discarded and the precipitate was redispersed in 6 mL of toluene. The resulting QD solution was red and clear. It was stored in a glovebox under nitrogen atmosphere.
Growth of CdS shells
Precursor synthesis. To obtain a Cd-precursor solution at 0.1 M concentration, 5.5 g Cd(Ac)2, 54.15 g OA, and 216 mL ODE were mixed in a three-neck flask and then kept at 120°C under vacuum for at least two hours. The S-precursor solution at 0.1 M concentration was prepared by putting 0.320 g S and 100 mL ODE in a three-neck flask, heating the mixture to 180°C and keeping it at this temperature until the S was completely dissolved. Shell growth. The growth of the CdS shell was performed using the "Successive ionic layer adsorption and reaction" (SILAR) method, following the procedure from ref 2 . Four different samples of core/shell NCs were prepared, with one, two, three, and four monolayers of CdS. For each of these, the procedure started with 10 -7 mol of CdSe QDs in 5 g ODE and 1.5 g ODA in a three-neck flask in a glovebox under nitrogen atmosphere. First, the solution was heated to 150°C and kept at this temperature for one hour in order to evaporate the toluene. Then the temperature was raised to 240°C. The growth of the shell was performed by dropwise addition of precursors. The amount of precursor necessary for the addition of a monolayer increases as the QDs grow, since this increases their surface area. The procedure for each monolayer growth was to add Cd-precursor, wait for 10 minutes, add S-precursor, and wait for another 15 min. These four steps were repeated depending on the number of monolayers desired. After the synthesis the solutions were washed using a 1:3 mixture of MeOH and BuOH, and centrifuged at 2750 rpm for 10 minutes. The supernatant was discarded and the precipitate was redispersed in 6 mL of toluene. The resulting CdSe/CdS QD solutions were red and clear.
Assembly of QDs into SPs
The assembly of QDs into SPs was performed in open air following a procedure from literature. 3 First of all, a solution of QDs in cyclohexane was prepared with a QD volume fraction on the order of 10%. It was emulsified with 10 mL milli-Q water containing 60 mg of sodiumdodecylsulfate (SDS) surfactant and 0.4 g of dextran. The emulsification was performed following a methodology developed by the Bibette group that uses high shear rates generated in a Couette shear cell 4 . Dextran acts as steric stabilizer, but also serves to bring the solution in the visco-elastic regime necessary to create relatively monodisperse droplets under high shear rates. 5 The emulsification process is important in determining the size of the droplets. In combination with the initial volume fraction of QDs, this sets the mean size and size distribution of the resulting SPs after evaporation of the oil phase. After emulsification, the emulsion was collected and stirred for 6 hours at 68°C in order to evaporate the cyclohexane. The resulting dispersion was centrifuged at 3000 rpm for 10 min, and the sedimented SPs were finally redispersed in distilled water. The resulting SPs have a diameter of 185 ± 40 nm for 1 ML core/shell QDs, 202 ± 89 nm for 2 ML QDs, 297 ± 131 nm for 3 ML QDs and 264 ± 57 nm for 4 ML QDs. The SPs have a nearly spherical shape.
Optical measurements
For optical measurements the individual QDs were dispersed in toluene, while the SPs of QDs were dispersed in deionized water. During measurements on SPs, continuously stirring the dispersion prevented sedimentation and photocharging in the focal volume. (Time-resolved) PL emission measurements were performed using an Edinburgh Instruments F900 spectrometer exciting at 375 nm with an Edinburgh EPL-375 picosecond pulsed diode laser. Spectra as a function of time delay after excitation were reconstructed from a large set of PL decay traces measured at energies covering the entire emission spectrum. Absorption was measured with a PerkinElmer lambda 950 spectrophotometer.
Analysis of time-resolved emission dynamics
The peak positions " of the time-resolved emission spectra (Figures 1c,1d ,2a,2b in the main text) were determined by fitting the PL spectrum on energy scale to a two-sided Gaussian fit function:
where is the amplitude, " is the peak energy, 5 is the width on the red side, and . is the width on the blue side of the spectrum. The spectra were reconstructed from a set of PL decay traces measured at intervals of 1 nm and with a time resolution of 250 ps. At long delay times we rebinned the time axis to obtain a better signal-to-noise ratio.
Electron microscopy HAADF-STEM images, SE-STEM images and TEM images were acquired using a FEI Osiris and a FEI Tecnai electron microscopes operated at 200 kV.
Kinetic Monte Carlo simulations
We used kinetic Monte Carlo simulations to study the competition between spontaneous emission, FRET, and reversible charge carrier trapping. To simulate a QD solid, we constructed a geometry wherein the QDs are arranged in a face-centered cubic (fcc) crystal lattice. The QDs are placed in a cubic simulation box with periodic boundary conditions. To simulate inhomogeneous spectral broadening, each QD is assigned a PL peak energy where 5]^ is the linewidth of the single-QD 1S3/2-1Se PL and absorption peaks. Here we approximate that the normalized spectral overlap is always 1, i.e. perfect, if the emission energy of the donor is higher than the absorption energy of acceptor .
The fate of an excitation in the QD solid is simulated by initiating a free exciton on QD . From this state, QD can decay to the ground state by photon emission with rate G@H , transfer its energy to any of the other QDs { , , … } in the solid with rate g NOPI,:L , NOPI,:h , … i, or go into the 'stored-exciton' state by charge carrier trapping with rate I . The time between initial excitation and a next event is drawn from an exponential distribution with decay constant
The nature of the event (radiative decay, charge carrier trapping, or FRET to some QD ) is then chosen randomly, where the probability for a particular event to occur is proportional to the rate associated. In case of FRET to QD , the system has three possible subsequent steps: radiative decay from QD , a next FRET event to QDs { , , … } or charge carrier trapping. This continues until radiative decay takes place from some QD in the solid. The simulation is then finished and we store the emission time and emission color of the emitted photon. If charge carrier trapping takes place on some QD , the system is frozen in a state from which no FRET nor radiative decay can occur. The only possible process is restoration of the free-exciton state of QD , which occurs after a time generated from a power-law distribution with exponent − and minimum time o=> . After restoration, the free exciton on QD has all the excited-state pathways available described before. See Figure 4a in the main text for a schematic illustration of the excited-state processes considered in the simulation.
For the results presented in the main text (Figure 4b-e) , the simulations were performed in a box with a size of 6 × 6 × 6 fcc unit cells. Each of the 864 QDs in the box were excited 9000 times (or 100000 times for the reference simulations without FRET; Figure 4d ,e), after which the fate of the excitation was followed as described above. This procedure was repeated 350 times for different realizations of the QD solid, with different PL energies 78,: randomly assigned to each of the QDs for each realization. We used the following parameters for the results in the main text: 〈 78 〉 = 2.11 eV; =>? = 43 meV; Δ E = 43.2 meV; G@H = 0.1 ns *5 ; I = 0.0062 ns *5 ; NOPI," = 0.0091 ns *5 ; 5]^= 23 meV; = 1.8; o=> = 17 ns. The same qualitative trends, e.g. an initial PL redshift followed by a blueshift, were obtained for a wide range of parameter values. 6, 7 and then calculate the inhomogeneous broadening. The full width at half maximum (FWHM) mentioned in the main text is related to the ensemble emission linewidth as FWHM = 2.35 |>B . This analysis cannot be done on the spectra from SPs, because their spectra are not only broadened (see table) because of the QD size distribution but are also affected by FRET. 
